* The rate of postoperative infections associated with occlusive dressings is lower than that associated with nonocclusive dressings. * Appropriate management of blood glucose levels, oxygenation, and the temperature of the patient reduces the risk of postoperative infection.
Surgical site infection is one of the most common complications that a surgeon encounters, with an infection occurring after approximately 780,000 operations in the United States each year 1.
In the era of evidence-based medicine, it is in the best interest of patients and physicians to follow practices backed by basic science and clinical data. Unfortunately, standards of practice, even for the use of prophylactic antibiotics, are frequently not followed 2. In 2005, this journal made a commitment to present physicians with the literature to support the best available treatment for their patients with use of "recommendations for care" based on grades of recommendation in review articles 3. Grades of recommendation are intended to guide surgeons in determining whether they should change their practice on the basis of good (Grade-A) or fair (Grade-B) recommendations. Grade-A recommendations are generated from Level-I studies, whereas Grade-B recommendations are derived from Level-II or III research. A proposal is considered to be Grade C when there is poor or conflicting evidence concerning an intervention based on Level-IV or V studies, and Grade I indicates that evidence is inadequate to make a recommendation 4. We have provided these recommendations in this article, and we have also provided a level-of-evidence grade for individual studies. Methods for determining levels of evidence were introduced in this journal in 2003 and have been shown to be reliable and reproducible 5,6. The current article synthesizes the best available evidence regarding use of preoperative antibiotics before elective and emergent orthopaedic operations, preoperative skin preparation of the patient and surgeon, operating-room issues, wound closure, operative drainage, and use of dressings in the hope that it will help physicians to reduce the incidence of postoperative wound infection. The management and effect of important patient factors such as smoking, nutritional status, immunocompromise, medications, cardiovascular status, obesity, and other major comorbidities will not be addressed here. The reader is instead referred to an excellent review of these topics by Gurkan and Wenz 7.
Antibiotic Issues

Proven Benefits of Antimicrobial Prophylaxis
The use of antibiotic prophylaxis in orthopaedic surgery has been shown to be beneficial.
Initially, there was some debate about whether antibiotics administered prior to surgery would be of any benefit or worth the risk 8 organisms is required for all type-III and perhaps some type-II fractures because of the increased contamination and higher-energy mechanism associated with these fractures. A penicillin has also been added to the prophylactic regimen for fractures at risk for clostridial contamination 33.
The SIS and EAST groups differ with regard to their support of these principles. The EAST group recommends the use of additional coverage against gram-negative organisms on the basis of evidence that "gram negative organisms are cultured from type III wounds after initial Vancomycin or clindamycin may be used for patients with an allergy or adverse reaction to betalactam antibiotics. To our knowledge, no one has compared the efficacy of clindamycin with that of vancomycin for prophylaxis against infection, and thus no recommendation can be made (Grade I) regarding the use of one antibiotic over the other for patients with an allergy to betalactam agents. Cross reactivity between cephalosporins and penicillins has historically been reported to be >10%; however, this percentage has been questioned in the recent literature because of the lack of confirmation of the allergy with skin-testing. Current data suggest a much lower risk of cross reactivity 42. Anaphylaxis to cephalosporin is exceedingly rare, with the rate ranging from 0.0001% to 0.1%43. Li et al. assessed sixty patients with a documented allergy to penicillin or cephalosporin who were evaluated preoperatively by an allergist 44. Fifty-nine of these patients were given a penicillin-allergy skin test, and 93% (fifty-five) of the fifty-nine had a negative result of that test. Ninety percent (fifty-four) of the sixty patients in the series were cleared by the allergist to receive a cephalosporin. No patient had an allergic reaction.
Nonetheless, multiple studies have shown a four to tenfold risk of cross reactivity in patients with a documented allergy to penicillin who are subsequently given a cephalosporin, and more than one expert panel has recommended the use of vancomycin for such patients 28,45. Timing of Antibiotic Administration prophylactic dose had been given in the emergency department, did not demonstrate a benefit in association with local administration (p > 0.05). The study was underpowered, and the follow-up rate was only 60%.
In summary, preoperative antibiotics have become the standard of care before the vast majority of orthopaedic procedures (Table II) . The decision regarding whether to administer an additional dose of antibiotics intraoperatively should be based on the half-life of the particular antibiotic.
Vancomycin or clindamycin should be given to patients with a documented allergy to penicillin. Preoperative shaving of the surgical site is common practice, but there is a scarcity of data to support its use. Several authors have denounced shaving on the night before the operation because of an increased risk of surgical site infection as a result of many microscopic cuts in the epidermis, which harbor bacteria 87. Clippers do not come into contact with the skin itself and have been associated with a reduction in postoperative infection rates [88] [89] [90] . A meta-analysis by the Cochrane group showed that the relative risk of a surgical site infection following hair removal with a razor was significantly higher than that following hair removal with clippers (relative risk, 2.02; 95% confidence interval, 1.21 to 3.36)91. Furthermore, the analysis showed no difference in the rate of postoperative infections between procedures preceded by hair removal and those performed without hair removal. Whenever hair is removed, clippers, rather than a razor, should be used at the time of surgery (Table III) 
Preoperative Skin Antisepsis
Patients
The most commonly used antiseptic agents for surgical scrubbing include chlorhexidine gluconate, alcohol-based solutions, and iodophors such as povidone-iodine. Chlorhexidine gluconate acts to disrupt the cellular membranes of bacteria and is favored for its long-lasting activity against gram-positive and gram-negative organisms found on human skin. The iodophors also act against common skin flora; however, their activity is much shorter than that of chlorhexidine gluconate. Chlorhexidine gluconate and povidone-iodine both reduce bacterial counts on contact; however, this effect is sustained longer in skin cleaned with chlorhexidine.
Furthermore, unlike chlorhexidine gluconate, the iodophors can be inactivated by blood or serum proteins and should be allowed to dry in order to maximize their antimicrobial action 93. Alcohol is an excellent antimicrobial and has germicidal activity against bacteria, fungi, and viruses. The The current literature strongly suggests that chlorhexidine gluconate is superior to povidoneiodine for preoperative antisepsis for patients (Table III) . Alcohol is an excellent antimicrobial, but its benefit is limited by its lack of residual activity. Use of a combination of chlorhexidine gluconate and alcohol is perhaps a way to take advantage of their antiseptic properties.
Surgeon
The current choices of antiseptic for the surgeon scrub mimic those used for the patient scrub. showed that prolonged use of alcohol and chlorhexidine gluconate rubs had better antibacterial efficacy than both traditional povidone-iodine and traditional chlorhexidine gluconate scrubbing regimens 107.
Grabsch et al. compared the traditional povidone-iodine scrub with a regimen that involved a traditional chlorhexidine gluconate scrub plus a chlorhexidine gluconate-alcohol rub 108. The authors reported that bacterial counts immediately after scrubbing were reduced to a greater extent in the chlorhexidine gluconate treatment arm than in the povidone-iodine treatment arm (p < 0.001), a finding most likely due to the additional rapid action of alcohol in the chlorhexidine gluconate protocol. A persistent and cumulative antimicrobial effect was also found with a repeated chlorhexidine gluconate-alcohol rub prior to any additional operations (p < 0.001). A cross-over trial conducted by Nishimura directly compared povidone iodine-ethanol and chlorhexidine gluconate-ethanol brushless scrubs after an initial povidone-iodine brushless scrub 109. The reduction in the bacterial count in the povidone iodine-ethanol group was significantly higher than that in the chlorhexidine gluconate-ethanol group immediately after washing (p < 0.001), but it was roughly equivalent two hours later. This finding illustrates the more rapid antiseptic effects of povidone-iodine and/or the longer-lasting effects of chlorhexidine gluconate.
Most data indicate that povidone-iodine and chlorhexidine gluconate have equal efficacy in decreasing the initial bacterial contamination of the skin of a patient or surgeon, but chlorhexidine gluconate has a longer effect, is less toxic in open wounds, and causes less skin irritation with prolonged use (see Appendix)106-108.
Chlorhexidine gluconate-based surgical scrubs decrease skin colony counts. Traditional scrub brushes or combination aqueous alcohol rubs are equally efficacious. Physicians' compliance with the use of aqueous rubs may be better than their compliance with regimens requiring the use of scrub brushes (Table III) . (Table III) .
Occlusive Drapes
Irrigation
Wound irrigation removes debris, foreign material, and blood clots while decreasing bacterial contamination. Several in vitro and in vivo studies have shown that high-pressure pulsatile lavage is more effective than low-pressure pulsatile lavage for removing particulate matter, bacteria, and necrotic tissue. This effect is more pronounced in contaminated wounds treated in a delayed manner 114-117. There is substantial concern, however, that high-pressure pulsatile lavage and low-pressure pulsatile lavage result in higher rates of deep bacterial seeding in bone than does brush and bulb-syringe lavage and that higher irrigant pressures result in greater osseous damage and perhaps impairment of osseous healing. Kalteis and knee arthroplasties, in a prospective cohort study 131. Fifty-six drain tips (11%) were found to be contaminated as evidenced by a positive culture; however, only five patients (1%) were infected by the same bacteria as had grown on culture of the tip specimen. Contaminated drain tips are associated with wound infections, whereas a negative tip-specimen culture is very rarely seen in the presence of wound infection 132. Drinkwater and Neil placed drains in ninety-two patients undergoing hip or knee arthroplasty and removed them at randomly generated times during the first ninety-six hours postoperatively 133. Only one contaminated drainage tip was found when the drain was removed in the first twenty-four hours postoperatively. Five (18%) of twenty-eight tips removed after twenty-four hours were found to be contaminated when a culture was performed, although the difference was not significant. In a retrospective analysis of more than 73,000 surgical patients with a wound infection, the presence of a surgical drain for more than twenty-four hours was associated with a higher likelihood that the wound would be infected The use of drains in fracture surgery has not been well evaluated. Two randomized controlled trials in which surgical drainage was compared with closure without a drain in clean orthopaedic procedures for traumatic injuries showed that drainage provided no benefit with respect to rates of infection, hematomas, transfusion, or revision surgery 138,139. Two randomized studies also failed to show that the use of surgical drainage in elective lumbar spinal surgery reduced the rate of complications, including the formation of epidural hematomas or the development of a neurologic deficit 140,141. In summary, Grade-A recommendations support the performance of operations without the use of a surgical drain. There is no evidence to suggest that use of a surgical drain prevents formation of a hematoma, infection, or wound dehiscence or influences other surgical outcomes (Table IV and Appendix) .
Wound Closure
The literature on wound closure in orthopaedic procedures is sparse and primarily discusses its impact on the results of joint replacement surgery and arthroscopy portals. Comparative studies have involved subjective analysis of the appearance of the healed wound, inflammation, and patient satisfaction. The data are insufficient to make recommendations (Grade I) regarding appropriate wound-closure techniques (Table IV) . The principle of maximizing blood flow while minimizing bacterial contamination and dead space has been studied. In a study in which laser Doppler flowmetry was used to evaluate cutaneous blood flow in association with various suture techniques, blood flow was significantly higher on the first postoperative day than it was on the fifth day and perfusion in wounds closed with subcutaneous sutures was greater than that in wounds closed with mattress sutures or surgical staples (p = 0.048)142.
Contaminated wounds are associated with a higher risk of wound infection. Bacterial adherence to braided sutures is three to ten times higher than adherence to monofilament sutures 143,144. The proper management of dead space in orthopaedic patients has not been clearly defined.
Proper removal of infected or necrotic tissue, thorough irrigation, and appropriate antibiotic treatment improve wound-healing. There is evidence that subcuticular wound closure with monofilament sutur minimizes tissue ischemia and is associated with decreased bacterial contamination.
Surgical Dressing and Wound Care
Wound dressings assist with healing by acting as a physical barrier to bacteria, immobilizing or splinting the wound to protect it from subsequent injury, helping with hemostasis (i.e., pressure dressings), reducing dead space, and minimizing pain. Multiple studies have shown that, with the use of occlusive dressings, both re-epithelialization and subsequent collagen synthesis are two to six times faster than they are in wounds exposed to air 150-154. On a cellular level, dressings assist wound-healing by creating a hypoxic wound environment wherein fibroblasts proliferate and angiogenesis occurs more rapidly. The host's defenses are thought to be improved under an occlusive dressing, and the creation of this hypoxic, acidic environment is thought to slow the (Table IV) .
Operating Room
One area of infection prevention that is often overlooked is the operating room itself. Several (Table III) In addition to the above prophylactic measures, there is excellent evidence that surgical site infection can be decreased by close control of perioperative glucose levels, especially in patients with diabetes 174-179; by maximizing patient oxygenation in the first twenty-four hours perioperatively 180-183; and by maintaining patient normothermia in the perioperative period (Table III) 184. Forty-four hospitals reported data on more than 35,000 patients during a trial to maximize control of glucose, oxygenation, and normothermia in the postoperative setting. Over the course of the study, the infection rate decreased 27%, from 2.3% to 1.7%. Thus, a surgical infection occurred in 200 fewer patients in these hospitals.
Overview
There are significant data that can help surgeons to decrease the risk of perioperative surgical site infections. We reviewed the best available literature and made recommendations in an attempt to help orthopaedic surgeons to minimize surgical site infections in their patients.
Appendix
Symbol Tables listing important evidence-based 
